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Abstract 

Modern veterinary medicine and its subdivision – veterinary neurology, are constantly evolving. New diagnostic 
methods are emerging every day, and the list of new, previously unexplored animal diseases is expanding. Much 
information about the pathogenesis and etiology of diseases is borrowed from human medicine, which is a big 
problem, because human physiology is different from animals and, as a consequence, the dynamics of the disease 
are also different. That is why the continuous improvement of veterinary therapy and diagnosis of diseases is 
relevant and necessary. One of the rare and severe pathologies is pneumocephalus. It is reported that this is a 
condition in which there is a gradual accumulation of air in the cranial cavity or ventricles of the brain, creating a 
life-threatening condition. It is considered that pneumocephalus can occur spontaneously but, in most cases, is 
diagnosed after trauma or surgery with impaired integrity of the skull bones and meninges. This article describes a 
case of pneumocephalus of unknown etiology in a young dog who suffered a head injury while playing with the 
owner. During the neurological examination of the animal conducted immediately after the incident was diagnosed 
with severe central nervous system lesions (sopor, opisthotonus, tetraparesis); magnetic resonance imaging re-
vealed significant brain damage with pronounced ventricular dilatation and the formation of a cavity filled with 
air. Re-diagnosis after 14 days showed progression of pneumocephalus with gas accumulation in the brain cavi-
ties. The contents of the ventricles have a division into liquid (cerebrospinal fluid), and air, progressive inflamma-
tory processes in the brain's parenchyma were not observed; a fistula or canal connecting the cranial cavity and the 
external environment was not detected. Symptomatic and supportive therapy, carried out during the entire period 
of the dog's stay in the veterinary clinic, did not have positive results. The animal was euthanized according to 
medical indications and the owner's wishes. 
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1. Introduction

Tensed pneumocephaly is a rare pathology of the central 
nervous system in animals and humans, which occurs due to 
the accumulation of gas under pressure in the cranial cavity or 
brain ventricles. The course of the disease is characterized by 
a long latent phase and rapid exacerbation of clinical symp-
toms and, in the absence of proper treatment, leads to death 
(Andrews & Canalis, 1986; Garosi et al., 2002; Cunqueiro & 
Scheinfeld, 2018). Pneumocephalus, in most cases, occurs 
due to disruption of the integrity of the skull bones and me-
ninges after surgery or injury, which leads to the formation of 
fistulas between nerve tissue and the environment 
(Cavanaugh et al., 2008; Shea et al., 2018; Kohl et al., 2021; 
Moral et al., 2021), as well as the possibility of gas-producing 
infection (Escherichia coli, Enterobacter cloacae, Klebsiella 
aerogenes, Aspergillus spp.) (Tanaka et al., 1989; Fletcher et 
al., 2006; Launcelott et al., 2016), with the subsequent devel-
opment of inflammatory processes in the parenchyma of the 

brain and its meninges (Aksoy et al., 2013). Diagnostic 
measures were performed on magnetic resonance imaging 
devices Hitachi AIRIS Vento Open (0.3T) and Philips Intera 
(1.5T) using scanning modes: T1, T1 with contrast enhance-
ment “Gadovist”, T2, and FLAIR.  

The purpose of research is the course of the disease 
with a description of the main clinical symptoms and char-
acteristic changes in the brain's structure, which MRI can 
detect.  

2. Materials and methods

MRI examination of the brain and spinal cord was per-
formed in commercial veterinary laboratories in Kyiv. The 
final diagnosis was established based on changes in struc-
tures of a parenchyma of the central nervous system charac-
teristic of this pathology. The increase in size and air accu-
mulation in the brain's ventricles is a pathognomonic pattern 
of pneumocephalus in animals and humans. 
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All studies were conducted following the Law of Ukraine 
on protecting animals from cruelty (2012) and the European 
Convention for the Protection of Pets (2013). 

The search for scientific data was performed by analyz-
ing open sources of scientific literature: PubMed and 
Google Scholar. 

 
3. Results and discussion 
 
3.1. Results 
Mixed-breed dog, male, 1,5 years old, body weight 17 kg. 

He was admitted to the veterinary clinic with acute neurological 
disorders. According to the owners, the dog, playing, got up on 
its hind legs and, not keeping his balance, fell on his back and, 
as a result, received a strong blow to the head on the floor. 

The doctor's examination revealed: forced lying down, 
opisthotonus, disorientation and soporous state of conscious-
ness, neck pain, and tetraparesis. From anamnesis vitae, it is 
known that a dog at a young age probably had a brain injury 
due to a car accident. Owners found the dog on the road with 
soft tissue injuries and neurological disorders. The diagnosis 
was not performed then; treatment was symptomatic, and the 
animal fully recovered. Also, six months before the main 
disease, dog owners went to the veterinary clinic with the 
animal problem during the last two weeks of uncharacteristic 
behavior, accompanied by an inability to jump out of bed and 
concentrate on close objects. Due to the patient's aggressive-
ness and activity, the doctor could not fully examine him and 
establish the location of the problem and its nature. The own-
ers admitted that the animal's diet consisted mainly of pota-

toes and meat, which could lead to a lack of nutrients for the 
body and, consequently, the emergence of the disease. It was 
proposed to change the animal's feed to a complete commer-
cial diet for treatment. There were no more appeals to this 
problem. 

Treatment of the patient after the fall and the development 
of neurological symptoms were as follows: butorphanol 
0.9 mg/kg, nalbuphine 5.0 mg, mannitol 0.5 g/kg twice with 
an interval of 1 hour. Infusion at a constant rate for 12 hours: 
tiletamine/zolazepam 1.0 mg/kg/h, medetomidine hydrochlo-
ride 1.5 μg/kg/h, lidocaine 50.0 μg/kg/h. After 12 hours, the 
gradual withdrawal of the dog from medical sleep and anes-
thesia developed new symptoms of the disease, which mani-
fested in excessive vocalization, uncontrolled floating move-
ments, and opisthotonus. It was decided to keep the animal 
asleep for 18–24 hours using medetomidine hydrochloride 1.5 
μg/kg/h and profol 4–6 mg/kg/h. In addition, appropriate 
therapeutic measures were used to maintain normal body 
function (parenteral feeding, diuresis monitoring, warming, 
and prevention of bedsores). 

The dog underwent an MRI of the brain and cervical 
spinal cord one day after the injury. In the images of the 
spinal cord, the hyperintensive (T2) and isointensive (T1) 
signals were increased at the level of 2–3 vertebrae. This 
pattern is characteristic of the acute stage of hemorrhage. 
The intervertebral disc remained intact and hydrated, and no 
spinal cord compression was detected. These findings indi-
cate traumatic myelopathy with minor parenchymal bleed-
ing (hematomyelia) (Fig. 1 a, b, c) (Mai, 2018). 

 

 

 
Fig. 1. Magnetic resonance imaging of the dog's spinal cord at the level of 2–3 cervical vertebrae with manifestations of  

traumatic myelitis/hematomyelia (24 hours after injury) 
Note: a – axial section T2; b – sagittal section T2; c – sagittal section T1 (MRI 0.3T) 

a) b) 

c) 
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Examination of the brain revealed a significant expan-
sion of the left lateral, third and fourth ventricles, protrusion 
of the frontal lobe of the cerebral cortex in the olfactory 
bulbs with the formation of granulomas in the lumen of the 
lattice bone, a cystic cavity filled with gas and located ven-

trally to the bottom of the third ventricle and dorsally rela-
tive to the thalamus (Fig. 2 a, b, с, d). Additionally, edema 
of the brain parenchyma was registered in the area of the 
frontal and temporal lobes on the left (Fig. 2 d). 

Fig. 2. Magnetic resonance imaging of the dog with post-traumatic changes in the brain (24 hours after injury) 
Note: a, b – sagittal section at the level of the left lateral ventricle of the brain in T2, T1 modes; c, d – coronary section at the level of the 
fourth ventricle of the brain and cystic cavity in T1, T2 modes (MRI 0.3T) 

Note that the accumulation of gas ventrally to the third 
ventricle cavity was completely separated by a wall from the 
cerebrospinal fluid and was a full-fledged cystic cavity, 
formed long before the injury received the day before. 

The lesion of the olfactory bulb in its structure is an in-
flammatory granuloma, probably formed due to a sharp 
increase in intracranial pressure in the left hemisphere of the 
brain (Fig. 3 a, b) (Mai, 2018). It is impossible to talk about 
a frontal bone fracture in the sinus and lattice bone area due 
to the lack of imaging images of the fracture in the MRI 
examination. No fistula could connect the ventricular cavity. 

The animal's condition deteriorated after 72 hours of 
symptomatic treatment and medical sleep. The patient de-
veloped persistent atony of the gastrointestinal tract (GI 
tract), infection of the urogenital system, rapidly progressing 
atrophy of the muscles of the body, and the occurrence of 

bedsores. Withdrawal of the patient from medical sleep was 
always accompanied by the restoration of vocalization, 
uncontrolled floating movements, and self-trauma. Treat-
ment of this condition has focused on restoring gastrointes-
tinal motility, preventing soft tissue and bladder infections, 
maintaining hydration, and parenteral and partial small-scale 
enteral nutrition through a gastrostomy. 

A repeated MRI was performed on the 14th day after the 
brain injury. The animal's condition at the time was severe, 
and the prognosis for survival – was questionable. The ex-
amination revealed significant changes in the condition of 
the ventricles and parenchyma of the organ compared to the 
previous period. Hyperintensive signal in T2 and FLAIR 
mode from the cortex of the frontal, temporal areas, and 
olfactory bulbs decreased significantly; inflammatory granu-
loma was not visualized (Fig. 4 a, b). 

a) b) 

c) d)
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Fig. 3. Magnetic resonance imaging of the dog with post-traumatic changes in the brain (24 hours after injury) 

Note: a, b – sagittal and coronary sections at the level of olfactory bulb granuloma in T2 mode (MRI 0.3T). 
 

 
Fig. 4. Magnetic resonance imaging of the dog with post-traumatic changes in the brain (14 days after injury) 

Note: a, b – coronary, and axial sections in T2 and FLAIR modes show a slight inflammatory process in the left olfactory bulb on the brain 
parenchyma (MRI 1.5T) 

 
The contents of the ventricles were heterogeneous and 

were divided into two environments – cerebrospinal fluid 
and air. The ventricular walls of the brain gave a hyperinten-
sive signal T1, T1 with contrast enhancement, T2, and 
FLAIR. The meninges and parenchyma of the brain did not 
accumulate contrast material (Fig. 5 a, b, c). 

Reconstruction in 3D format demonstrates the size of the 
dilated left lateral ventricle and its large-scale nature relative 
to the brain's parenchyma. It should be noted that pro-
nounced inflammatory processes in the central nervous 

system were not observed (Fig. 5), which excludes, in our 
opinion, anaerobic microflora, which could produce gases 
due to their activities. There is also no duct through which 
air could enter the ventricles (Fig. 6). 

The presented image clearly shows left ventriculomegaly 
and an ipsilaterally visualized enlarged olfactory bulb, 
which was affected by increased intracranial pressure. 

According to the MRI data and the patient's clinical con-
dition, the pet owners decided to euthanize. No post-mortem 
autopsy was performed. 

 

a) b) 

a) b) 
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Fig. 5. Magnetic resonance imaging of the dog with post-traumatic changes in the brain (14 days after injury) 

Note: a – axial section at the level of the lateral and third ventricles in the T2 mode; b – axial section at the level of the lateral and third ven-
tricles in the T1 mode with contrast enhancement; c – axial section at the level of the lateral and third ventricles in the FLAIR mode 

 

 
Fig. 6. 3D reconstruction of the dog's brain with post-traumatic changes (14 days after injury) 

 
 
 

a) 

c) 

b) 
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3.2. Discussions 
Comparing  the  results  of  the  first  and  subsequent  MRI  

research,  we  can  identify  the  most  characteristic  changes  
that  occurred  during  the  development  of  the  disease.  In  
animals,  a  decrease  in  intraventricular  cerebrospinal  fluid  
was  observed  with  the  formation  of  cavitiesan  identical  
pattern was observed in the first MRI scan, which revealed a 
cavity  in  the  third  ventricle  that  was  formed,  most  likely  
during previous trauma, which may be associated with neu-
rological  disorders  at  an  early  age.  A similar  pattern  is  de-
scribed by the authors Haley & Abramson (2009), who  
observed  a 17-month-old  dog with  a  history  of  head  injury 
at a young age. Neurological examination and clinical symp-
toms  of  the  disease  were  identical  and  indicated  central  
nervous  system  damage.  According  to  the  results  of  com-
puted  tomography  (CT),  the  authors  obtained  data  on  frac-
tures of the left frontal sinus and lattice plate and, as a con-
sequence,  the  accumulation  of  air  in  the  lateral,  third  and  
fourth  ventricles  with  significant  compression  of  the  brain,  
cerebellum  and  medulla  oblongata (Haley  &  Abramson,  
2009). 

 Several  reports  in  the  scientific  and  special  veterinary  
literature indicate that the main cause of pneumocephalus in 
humans and animals (dogs) is a post-traumatic or postopera-
tive  complication (Schirmer et  al.,  2010;  Shea  et  al.,  2018; 
Kohl  et  al.,  2021).  According  to  the  collected  statistics  for  
2018,  based  on  international  veterinary  publications,  only 
25 % of dogs have pneumocephaly due to injury, and 75 % 
are associated with postoperative complications (Shea et al., 
2018).  Spontaneous  disease  development  in  human  medi-
cine  accounts  for  only  0.6 %  of  cases (Shea  et  al.,  2018). 
Other causes of this pathology may also include the growth 
of  gas-producing  bacteria (Tanaka et  al., 1989; Shea  et  al.,  
2018),  chronic  rhinitis  or  rhinosinusitis (Sena  et  al.,  2017), 
barotrauma (Shea  et  al.,  2018),  otitis  media (Garosi  et  al.,  
2002).  Gas  localization  sites  include  epidural,  subdural,  
subarachnoid,  cerebral,  and  intraventricular  spaces (Ros  et  
al., 2015). 

To  date,  two  mechanisms  of  pneumocephalus  in  viola-
tion of the integrity of the skull bones are described: the first 
theory  describes  the  valvular  mechanism  in  which  air  is  
injected  into  the  cranial  cavity  at  the  time  of  coughing,  
sneezing,  or  barking,  when  the  air  pressure  in  the  sinuses  
exceeds  intracranial;  the  other  is  hydrodynamic,  has  a de-
layed onset of clinical symptoms and is associated with slow 
“leakage” or  reabsorption  of  cerebrospinal  fluid.  As  the  
volume of cerebrospinal fluid gradually decreases, negative 
pressure  is  created  in  the  ventricular  cavities  of  the  brain,  
which allows you to replace the lost fluid with air (Sprague 
& Poulgrain, 1999; Garosi et al., 2005; Haley & Abramson, 
2009; Shea et al., 2018). 

Treatment of this condition with small amounts of accu-
mulated  gas,  if  the  patient  does  not  have  nervous  system  
disorders  or  other  disorders,  is  not  required.  To  prevent  
further disease development, it is necessary to conduct thor-
ough  diagnostic  measures  to  find  the  causes  of  pneumo-
cephalus: MRI, CT of the brain and skull bones, rhinoscopy, 
and diagnosis of infections that could potentially be a source 
of gas (Garosi et al., 2005). In severe rhinorrhea, it is neces-
sary  to  differentiate  from  cerebrospinal  fluid  leakage  by  
measuring glucose levels, especially in patients with a histo-
ry  of  head  injury.  The  test  can  be  performed  only in  the  
absence of blood impurities in the secretion or infections in 
the upper  respiratory  tract,  and  the  blood  glucose  content  

should  be  below six  mmol/l  (Shea  et  al.,  2018).  In  the  ab-
sence of skull fractures or other causes of gas accumulation 
and  disease  progression,  the  accumulated  air  can  be  ab-
sorbed on its own within a few weeks. For example, people 
need  up  to  6  months  to  absorb  50  ml  of  air (Shea  et  al.,  
2018). 

Surgical treatment of pneumocephalus involves perform-
ing a craniotomy and closing the hole with polymethyl acry-
late  or  the  patient's  tissues  – free  temporal  fascia  graft,  fat 
(Garosi et al., 2005). Accumulated gas is removed by punc-
turing dilated  ventricles (Sharma et  al.,  1989; Garosi et  al.,  
2005; Haley & Abramson, 2009). 

4. Conclusions

The  occurrence  of  such  a  life-threatening  condition  as  
severe pneumocephalus is quite rare in veterinary medicine. 
The main reasons for  the development of  this pathology of 
the brain and spinal cord may be a violation of the integrity 
of  the  barriers  (meninges,  skull  bones)  between  the  envi-
ronment  and  the  brain,  the  development  of  gas-producing 
microorganisms, and fungi or, in very rare cases, spontane-
ously.  Treatment  for  clinical  symptoms of  the  disease  is  to  
reduce  intracranial  pressure  and  surgical  closure of  the  
formed  fistula  or  canal  with  artificial  materials  or  the  pa-
tient's own tissues. Practitioners should always keep in mind 
the  symptoms  and  preconditions  of  pneumocephalus  in  
animals, which will help to help the patient in time and save 
his life. 
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